Abstract-This paper analyzes the performance of a compression-absorption heat pump (CAHP) system driven by low-temperature geothermal water. Two models, respectively, for the generator and whole system using ammonia-water as the working fluid are proposed. The results show that there is an optimum concentration around 65% for the system. The maximum of overall heat transfer coefficient can be obtained with optimum spray density between 0.13 and 0.19 kg•m -1 •s -1 of ammonia water solution. Operating with a high heat sink temperature between 70 and 85℃, and a low heat source temperature from 25 to 40℃, the COP of the system is above 4.
In china the low-temperature geothermal water below 50℃ is plentiful, and there is also a lot of geothermal tail water and waste heat water, which are discharged with the similar temperature. In addition, the energy consumption for heating is tremendous. It is meaningful for us to recover the low-temperature geothermal water and waste heat efficiently to supply heating. Heat pump is an efficient technology to reduce energy consumption, which can be used to recover low-temperature heat and meet the heating demand.
Among heat pump technologies, the potential of the CAHP cycle has been recognized for a long time [1] . Comparing with the traditional compression heat pump, CAHP can get a high heat sink temperature with a lower compression ratio [2] [3] , and the system can be operated efficiently with low-temperature water [4] . In addition, the generator and absorber temperature glide can be fitted to the heat source and heat sink temperatures varying, leading to a higher COP [5] . The component in the CAHP system has a substantial influence on COP [6] . Several earlier studies showed the heat transfer coefficient of the generator in the test plant influences COP and other state variables, and COP increases sharply with improving heat transfer of generator [7] [8] . Hence, a proper design of generator is essential [9] . The advantages of vertical falling-film heat transfer are widely recognized [10] , but as for the low-temperature heat source is very limited.
With respect to working fluids, the ammonia-water mixture is the most interesting one because of its excellent properties and large experience handling in industrial applications [11] . Thus ammonia is chosen for the present study. Therefore, the objective of this study is to analyze the performance of CAHP system driven by lowtemperature geothermal water. Two models, respectively, for the generator and whole system using ammonia-water as the working fluid are proposed, and the effects of As shows in Fig .1 , The CAHP cycle includes a compression stage and an absorption stage. The compressor raises the gas which desorbed from the generator to a high pressure and then the gas enters into the absorber where contact with the weak solution. In the absorber, the gas is absorbed by the weak solution, and the absorption heat is released to the heat sink. After that the rich solution preheats the weak solution in the SHE and passes through the expansion valve and enters the generator again.
III. METHODOLOGY

A. Generator simulation
The schematic of the generator is represented in Fig .2 . The generator is a single-pass counter current vertical outtube falling film heat exchanger with the solution outside the smooth tubes and the geothermal water inside the tubes. 
B. Generator boundary conditions
The governing equations are given as follows: Continuity equation
Momentum equation
Energy equation
Mass conservation equation 
The boundary conditions are given as follows: 1). Entrance boundary conditions
2). No slip boundary condition
3). Non-filtration boundary conditions
The flow rate, solution concentration and temperature can be calculated by the above mathematical model.
C. Cycle simulation
Geothermal water below 40 ℃ is used to drive the CAHP system and also to boost the temperature. In this study the inlet and outlet condition of the two components is considered, and the absorber and SHE (solution heat exchanger) are assumed as two black-boxes. The local heat transfer coefficient and heat transfer size is assumed ideally and pressure drops in the components are ignored.
D. Energy balance
CAHP cycle is based on energy balances for the internal stream and external stream. The properties of fluid at inlet and outlet are expressed in terms of temperature, pressure, concentration and enthalpy. The equations of energy balance across the components are defined as follows:
Generator 
In this study, COP corresponds to the efficiency of the machine on power consumption basis. The compression ratio of the system is calculated based on the simulation. In order to analyze the system performance, the heat source temperature and the solution concentration are chosen as input variables, and the size of heat exchanger is considered ideally. Fig .3 shows the overall heat transfer coefficient U g changes along with the inlet spray density Γ varying from 0.15 to 0.35. When the water temperature T 9 and volume flow V g are constant, as well as Γ increasing, all curves show that the U g firstly increases and then decreases. This occurrence is resulted from the larger inlet spray and the higher velocity of film flow, and the film flow characteristic changes conducive to the heat and mass transfer. On the other hand, when the spray density exceeds the optimum value, the film becomes thickness, and the mass transfer resistance increases. Fig .4 shows the cycle ratio ε increases when the spray density increases, but the tendency is gent when Γ is less than 0.2 kg•m
IV. RESULTS AND DISCUSSION
In addition, all of these curves show that the mass of ammonia vapor is also increasing with the spray density increasing. From Fig .3 and 4 , it is found the concentration has a positive effect on the heat transfer, and there is an optimum value for spry density. In this case, the optimum value is around 0.15 kg•m It is seen from Fig .6 that the heat source temperature has significant impacts on the concentration difference and cycle ratio. In CAHP system, the cycle ratio has a large effect on COP [8] , which means the heat source temperature also makes a big difference on COP. The simulation shows that when the concentration is at 65%, a high concentration difference about 10% can be obtained. Fig .5 shows that when the heat source temperature increases, the U g increases linearly. Under the same conditions, when the temperature is blow 40℃, the value of U g with different spray densities is similar, which is correspond to the generator experimental research of [5] . Fig .7 shows that for different geothermal water inlet temperatures (T 9 ), the compression ratio ε decreases as the concentration increasing. The changes of concentration have great influence on the compression ratio, and to get same heating capacity, the lower the heat source temperature, the higher compression ratio. COP changes along with the variation of T 9 shown in Fig .8 . Each curve shows COP as a function of concentration for different heat source temperatures (T 9 ), and at the same temperature, COP is larger for the higher heat source temperature. These curves show that when the concentration is larger than 65%, COP of the system is almost constant. Results indicate that the heat of dissolution for unit mass of ammonia under different conditions is subequal, and if the compression ratio is high, the power inputted to the compressor is large, and COP decreases. It is noted that as the heat sink temperature at 65 ℃ ,if the heat source temperature is higher than 30℃, COP is higher than 4.0.
V. CONCLUSIONS
Two models, respectively, for the generator and whole system using ammonia-water as the working fluid are proposed. The following conclusions can be drawn from the present study:
1) The maximum over all heat transfer coefficient of the out-tube falling film generator can be obtained in an optimum spray density around 0.15 kg•m -1 •s - 1 . The concentration and heat source temperature have large effects on the performance of the generator under the lowtemperature conditions, and with the concentration around 65%, it can get a high concentration difference about 10%.
2) In different conditions, the compression ratio always increases along with the concentration decreasing. When the concentration is higher than 70%, ε changes gently, and when it is lower than 60%, ε decreases sharply.
3) COP increases with the concentration increasing. There also exists an optimum concentration around 65%.
4) The study indicates that with a high heat sink temperature between 70 and 85℃, and low heat source temperature from 25 to 40℃, the out-tube falling film generator is appropriate for CAHP system, and COP is above 4.
